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Introduction

In recent years, interest in higher education in the United States has risen rapidly.
According to the National Center for Education Statistics, enrollment in degree-granting
institutions increased 32 percent, from 15.9 million to 21 million between 200 1 and 2011.
(NCES 2013)

Figure 1: Enrollment in degree-granting institutions 1
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Given human capital theory, however, the finding is not particularly surprising,
especially during weak economic times. Among several proposals, human capital theory relays
that, holding other factors constant, greater human capital (education, skills, information, etc.)
leads to higher earnings and greater success in the job market. Increasingly, empirical evidence
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System (I PEDS), Spring 2001 through Spring 2011, Fall Enrollment component. See Digest of Education Statistics
2012, table 222.

supports this claim. For instance, as of March 2014, the unemployment rate in the United States
for people with a bachelor's degree or higher is 3.4%, almost half of the 6.7% official
unemployment rate for the country. (BLS 2014) In essence, higher education is an investment in
human capital. Assuming a negligible internal rate of time preference, the returns to higher
education account for its opportunity cost: the foregone income that could be made at a job while
money is being spent on college. (Rycroft, 2009) While this is not to suggest that people actively
seek college for the sole purpose of getting a job, the notion that college-educated people are
financially better off is data-supported and quickly becoming commonplace.

Previous Literature

There is no simple formula that features economic gains as a function of college, for
college in tum exists as a function of a myriad of choices, both before and after matriculation.
Considering the size of the school one wants to attend, the college's location, and the school's
entry requirements, just to name a few, the number of decisions with regard to college is great.
Still, there is one factor that stands above the rest: the decision of what to study. College major
choice is pivotal to the roads charted both during and after college. Dawson-Threat and Huba
( 1996) surmises from multiple studies that the initial major choice is the best predictor of not
only one's major upon graduation, but also his or her entry-level career. While choosing a major
is simple for some - some students enter freshman year ready to commence study in the field
they have dreamed about since childhood - the decision is far more complex for others. As such,
there is a host of economic literature that seeks to ascertain the factors that influence college
major choice. Much of the research, for instance, looks into the effect of family background and

characteristics on educational choices. Leppel et al (200 1) consider socioeconomic status and
parental occupation as influences on college major choice. They find that, all other things
constant, women from families of a higher socioeconomic status are less likely to major in
business, while the opposite is true for male students. Davies and Guppy (1997) use the National
Longitudinal Survey of Youth to examine a number of outcomes, including the decision to enter
a lucrative field. Their study argues that students from lower socioeconomic background are
more likely to choose more lucrative fields of study, measured by the average monthly incomes
of graduates in that field.
There is also literature that examines academic performance and college major choice.
Davies and Guppy (1997), using percentile scores on the Armed Forces Qualification Test
(AFQT) as a proxy for academic ability, find measured academic ability to be an important
indicator in college major choice. Researchers in Slovenia recently reached similar conclusions
with respect to the importance of academic ability. Studying college major choice and ability in a
Slovenian University, Bartolj and Polanec (2012) suggest that there exists a distinction between
general ability and major-specific ability, both of which have their own respective effects. When
choosing between economics and business programs, a higher general ability, measured as a
function of high school GP A, inclines students towards Economics, whereas the success of
students in major-specific courses increases the likelihood of choosing that major (e.g., higher
grades in accounting lead to majoring in accounting).
It is imperative to mention that, in addition to the aforementioned factors, the inequality

that persists between majors plays a noticeable role. Rumberger and Thomas (1993) suggest that
while college major is important to determining initial earnings, there are distinct differences in
the fields with respect to prestige and economic returns. In recent decades in the United States,

there has been an upward trend in the demand for labor in the job markets for Science,
Technology, Engineering, and Mathematics (STEM) majors. Macroeconomic research shows
that technological innovation, spearheaded by graduates in these fields, is crucial to economic
productivity in a country. Thus, an investment in these areas has the potential to greatly bolster a
country's economy. This is exemplified by the American Competitiveness Initiative, a federallysponsored program designed to ensure the United States' competitiveness with other nations'
technological advances by investing in research and development, and education. (DCS 2006)
Because the focus of the assistance program is largely on technology, it places an emphasis on
STEM fields, increasing funding for research, and establishing a plan to increase higher
education enrollment in STEM disciplines.
As the theory of supply and demand predicts, with large increases in the demand for labor
in STEM fields, and the supply of labor remaining relatively small (even by 2018, STEM jobs
are forecasted to only comprise 5% of all U.S. jobs), the salaries offered to STEM graduates
have skyrocketed. In accordance with a study from Georgetown University Center on Education
and the Workforce, workers with associate's degrees in STEM fields out-earn 63 percent of
people who have bachelor's degrees in other fields. Even more staggering, almost half of workers
with bachelor's degrees in STEM fields out-earn workers with Ph.D.'s in other fields. (Carnevale
et al., 2011)

Figure 2: STEM versus Non-STEM earnings, 2010 2
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Interestingly, even in light of these findings, the current body of economic literature does
not have a robust investigation into the impact of financial factors on college choices, let alone
college major choice, among STEM majors specifically. Stater (2011) asserts that a higher net
cost of attendance (the school's tuition minus the aid received) increases the probability of a
student choosing to major in a professional career. Avery and Hoxby (2004) establish a price
elasticity of college tuition: a student's willingness to attend a college is partially contingent
upon changes in tuition. This notion is corroborated by the findings of Bettinger (2004 ), which
proposes that increases in Pell Grants have a strong, significant effect on reducing dropout rates
for colleges. While these studies focus on the cost aspect of college and its effects, there still
remains a lack of research that addresses another big picture factor: borrowing.
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Figure 3: Costs of Higher Education3
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As shown in Figure 3, The National Center for Education Statistics reports that between
the 2001 - 2002 and 2011-2012 academic years, prices for undergraduate tuition, room, and
board at public institutions rose 40 percent, after adjusting for inflation. (NCES 2013) Moreover,
the NCES outlines that the total annual amount of federal aid disbursed to students as loans
increased from $43 billion in 2000 to $109 billion in 2010, an increase of250%. (NCES 2013)
Simply put, the cost of college is increasing, and students are borrowing more to pay for it. To
maintain the payoff associated with acquiring a college degree, it seems logical that increases in
college cost and borrowing would incentivize some students to choose more lucrative majors.
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My research aims to investigate this claim, building upon previous literature to construct a model
that relates the amount of loans students accept and their chances of majoring in a STEM
discipline.

Theoretical Framework

This research is based on rational choice theory, the doctrine that outlines "the process of
determining what options are available and then choosing the most preferred one according to
some consistent criterion." (Levin and Milgram, 2004) A key element of this process is utility
maximization, or acting in accordance with what brings one the most happiness. In the context of
this study, since individual preference cannot be accounted for, utility maximization takes the
form of profit maximization, assuming that students will choose majors based on what brings
them the greatest returns to their education, given its cost.
In conjunction with previous literature, I will investigate the probability of choosing a
STEM major over a major in social sciences or humanities, theorized as a function of residency
(whether a student is from in-state or out of state), SAT Mathematics and Reading scores, high
school GP A, household income, and the amount of student loans accepted.
I hypothesize that a direct relationship exists between the amount of student loans
accepted and the probability of majoring in a STEM field. As the amount of loans needed
increases for a student, he or she will need to consider more lucrative jobs in order to compensate
for the indebtedness, bringing him or her the greatest utility. Similarly, I expect positive
relationships for the residency, SAT Mathematics score, high school GPA, and household
income variables. With regard to residency, tuition rises for out of state students, while they are

eligible for less state-funded aid than in-state students. Ceteris paribus, this leaves them more
susceptible to needing loans as a source of aid. Thus, out of state students would have an
incentive to major in a STEM discipline, to account for the added cost. The SAT Mathematics
variable serves as a measure of ability in Mathematics. Because STEM majors generally require
a greater fluency in mathematics than other majors, a stronger mathematical disposition may
incline students to choose a major that utilizes more mathematics. High school GP A has been
found to be statistically significant to determining success in STEM studies (Kokkelenberg and
Sinha, 2012). Conversely, I anticipate a negative relationship for the SAT Reading variable.
Though somewhat of an oversimplification, disciplines in the social sciences and humanities are
more germane to the skills tested on the Reading portion of the test than STEM disciplines.
Hence, a higher SAT Reading score may indicate a stronger disposition in ability and high
performing in those fields, leading to a decrease in the probability of majoring in a STEM
discipline.

Methodology and Data

This project uses binomiallogit regression analysis on cross-sectional data from 931
UMW students in Fall2012. The student-level data used in the empirical analysis is from the
University of Mary Washington, a small, public university. They were collected in consultation
with the school's Institutional Research Board. The data include demographic characteristics (instate residency), high school background (SAT Mathematics and Reading scores, high school
GPA), socioeconomic factors (household income), financial factors (amount of student loans
accepted), and students' majors. Descriptive statistics for the variables are included in table 1.

Table 1. Descriptive Statistics for Independent Variables
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Note: Given that student major and residency are dummy variables, descriptive statistics for the
variables were not included

Empirical Model

Because this research investigates the likelihood of an outcome, I use a binomiallogit
model to determine the probability that a student would major in a STEM field. This estimation
technique requires dummy dependent variables; as such, the dependent variable, student majors,
is coded as a dummy variable, with STEM majors denoted with 1s, and all other majors denoted
with Os.

As a functional form, the model is as follows:
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where P; is the probability that a student would major in a STEM field, Residency is an indicator
variable denoting whether a student is from in-state or out of state (in-state coded as· 0; out of
state coded as 1), SATMath is a student's score on the mathematics portion of the SAT,
SATReading is a student's score on the reading portion of the SAT, HSGPA is a student's high

school GPA, HH!ncome is a student's household income, Loans is the total amount of subsidized
and unsubsidized loans accepted by the student, and c is the stochastic error term.

Empirical Analysis

Table 2. STEM Major Choice Equation Parameter Estimates
Variable
Constant

Coefficient
3.84**
(4.15)
Residency
0.50*
( 1.89)
SAT Mathematics
0.005**
(3.66)
SAT Reading
-0.019**
(-11.0)
High School GJ>A
0.61 **
(2.68)
Household Income
8.20E-08
(0.06)
Accepted Loans
1.74E-06
(0.14)
l\r1cFadden R 2
0.19
N
931
*denotes significance at the 10 percent level; **denotes significance at the 5 percent level
Note: The figures in parentheses are z-statistics

Table 3. STEM Major Choice Equation Parameter Estimates (Linear Probability Model
Adjustment)
Variable
Residency
SAT Mathematics
SAT Reading
High School GPA
Household Income
Accepted Loans

Coefficient
0.125
0.00125
-0.00475
0.1525
2.05E-08
0.435E-06

Table 4. Probabilities for Majoring in STEM field for Students in the 25th, SOt\ and 75th
percentiles

Percentile

50

111

Probabilitv
0.20
(0.28)
0.11

(0.17)
0.06

7~-th

Note: The figures in parentheses are probabilities for comparable out of state students

Table 5. Expectation-Predictions Evaluation

Table 3 comprises the parameter estimates for the logistic regression after an adjustment
to make the results comparable to those of a linear probability model. While the binomiallogit
model has the advantage of bounding the dependent variable by 0 and 1, leading to meaningful
probability results, the dynamic nature of logit coefficients (the slope of the graph of the logit
changes between 0 and 1) complicates an otherwise straightforward interpretation. A popular
remedy for this problem is to divide each coefficient by 4, acquiring equivalent linear probability
model coefficients. Linear probability models use ordinary least squares estimation, allowing its
coefficients intuitive interpretations: a slope represents the change in the probability that Pi
equals one caused by a one-unit increase in the independent variable.
This is not to suggest that the coefficients from the binomiallogit model are useless. In
fact, they are paramount to determining the probability of a student majoring in a STEM field,
given certain characteristics. Table 4 shows varying probabilities of majoring in a STEM field if

a student were in a given percentile across all independent variables. For instance, an in-state
student who fell within the 501h percentile for all five variables would have a 0.11 probability of
majoring in a STEM field (this number increases to 0.17 for a comparable out of state student).
In order to investigate the model's goodness of fit, we observe how well the model
predicts a student's major. These values are tabulated in Table 5. Though the model accurately
predicts a student's major at a relatively high rate, when looking solely at STEM majors, the
focus of this study, the percentage of correctly predicted outcomes is low.
According to the results, while the accepted loans variable has the predicted algebraic
sign, it is not only statistically insignificant, but also not economically significant. Consider two
students who are the same in all respects, with the exception of the amount of loans accepted.
Whereas student A accepts $0 in loans, student B accepts $39,640 in loans (the minimum and
maximum amounts of loans accepted in the sample, respectively). The difference in their
probabilities of majoring in a STEM field is only 0.17, a relatively small change for a substantial
increase in student loans.
The control variables have signs consistent with previous literature and my expectations.
Four of the five variables are statistically significant at the 10 percent level, with all except the
residency variable also being statistically significant at the 5 percent level. Particularly
noteworthy, however, is the economic significance of the residency variable. As specified in
Table 3, the probability of majoring in a STEM discipline increases by 0.125 for out of state
students. Ignoring other factors, this suggests that students are willing to come from out of state,
paying a much higher price than their in-state peers, to study STEM disciplines at a school where
the focus is on social sciences and the humanities.

Conclusions and Implications

This study's findings present evidence that, even after controlling for background
characteristics, the amount of loans a student accepts does not necessarily play an important role
in the chances of a student majoring in a STEM field. On the other hand, the probability of a
student major in a STEM field is significantly affected by his or her residency, SAT scores, and
high school GPA.
I found it suitable to re-examine my approach, to determine if there was a more cogent
way to have conducted this research. The greatest shortcoming of this study is its inability to
account for expectations and utility with regard to college major choice. Discussing expectations,
this model does not consider a student's expected earnings (either entry level or over his or her
career), or differences in expected earnings between major choices. Similarly, while the model,
for simplification purposes, is predicated on the idea that students maximize utility solely on
monetary grounds, there is no mention of non-monetary utility (e.g., for self-fulfillment). These
are factors that could be examined with survey data used in conjunction with the currently
collected. Unfortunately, this was not an option considering available resources.
Consistent with previous literature, this study falls prey to an omitted relevant variable
bias. There are likely statistically significant factors that would account for heterogeneity
(gender, educational attainment and occupation) between students that could not be included for
legal reasons.
A similar issue rests with the data used in the empirical analysis. The sample used is
assumed to be representative of the student population, though this cannot be verified without
other variables. This can further bias the results. For instance, UMW has a disproportionately

high percentage of women participating in STEM fields. Considering that there is literature to
suggest that gender plays an important role in college major choice, there is no way to control for
this without data on gender.
As a whole, perhaps this research would best be applied to a college with a larger
enrollment and greater concentration of STEM majors from which to choose. It is necessary to
note that, as a liberal arts school, UMW likely places a greater emphasis on social sciences and
humanities than non-liberal arts schools, thus receiving a disproportionate number of students
not seeking a STEM degree.
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